
Open Data Cubes
A Big Data Solution for Global Capacity Building  

ñHow to Cloud for Earth Scientistsò Series

NASA GSFC

December 19, 2017 

Brian Killough

CEOS Systems Engineering Office

NASA Langley Research Center
Email: Brian.D.Killough@nasa.gov



What is CEOS?

The Committee on Earth Observation Satellites (CEOS) serves as a focal point for 

international coordination and data exchange to optimize societal benefit from 

space-based Earth observations. CEOS represents 22 countries through its 32 

space agencies and 28 associate members and is operating 151 satellites.

www.ceos.org
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What is changing?

Free and Open Resources

ǐFree and open Satellite Data

ǐOpen Source Software and Tools

Global Engagement

ǐImproved communication technology

ǐIncreased global cooperation and collaboration

Satellite Data Philanthropy

ǐGoogle Earth Engine

ǐGovernments, Foundations and World Bank

Improved Technology 

ǐCloud Storage and Computing

ǐData Cubes



The Big Data Problem

ÅA significant growth in FREE/OPEN 
land imagery data (e.g. Landsat, 
Sentinel) has increased data 
volumes by 10x in the last 5 years.

ÅMany countries lack the knowledge, 
infrastructure, and resourcesto 
access and use the available space-
based data. 

ÅCountries have requested support 
from CEOS for data access, 
processing, and analysis to support 
their country needs.

The new Open Data Cube provides a solution and new opportunities

Colombia Data Growth



What are Data Cubes?

ÅData Cube = Time-series multi-dimensional 
(space, time, data type) stack of spatially 
aligned pixels ready for analysis

ÅProven concept in Australian and now 
working in Switzerland, U.K. and Colombia.

ÅAnalysis Ready Data (ARD) ... Dependent on 
processed products to reduce processing 
burden on users

ÅOpen source software approach allows free 
access, promotes expanded capabilities, and 
increases data usage. 

ÅUnique features: common architecture, 
flexible deployment, exploits time series, 
increases data interoperability, and supports 
many newapplications.

TIME



Benefits of Data Cubes

ǐExpanded use of satellite data

ǐReduced data preparation burden

ǐEnables data interoperability

ǐEfficient time series analyses

ǐFree and open access

ǐFlexible deployment (local or cloud)

ǐUse of a common architecture

ǐCommunity development and sharing

Our goal is to provide a SOLUTIONthat has VALUEand 
increases the IMPACTof satellite data.



The Data Cube Vision

! ǎƻƭǳǘƛƻƴ ǎǳǇǇƻǊǘƛƴƎ ǇǊƛƻǊƛǘȅ ƻōƧŜŎǘƛǾŜǎ Χ

ǐBuild capability of users to apply CEOS satellite data

ǐSupport Group on Earth Observations (GEO) and United Nations agendas

Involves CEOS AgenciesΧ

ǐThrough provision of processed satellite data products

ǐContributing to development and uptake of solutions

/ǳǎǘƻƳŜǊ ŦƻŎǳǎŜŘ Χ 

ǐEasy to install and maintain with training materials

ǐA brand that people know and trust

{ŎŀƭŀōƭŜ ǎƻƭǳǘƛƻƴ Χ

ǐOperational Data Cubes in 20 countries by 2022
ǐKey partners (e.g. World Bank, Google, Amazon) 

supporting the data cube development and its use 

opendatacube.org



The ñRoad to 20ò

Operational

Under Development

Under Review or Expressed Interest

3 operational, 7 under development, 29 expressing interest = 39 total countries 



Data Cubes

ǐ16 cubes with 10+ years each. 

ǐKenya, Cameroon (Lake Chad), 
Togo (coastal Africa), Ghana, 
Colombia, Tonga (Pacific 
Island), Vietnam, Uruguay, 
Australia (Menindee Lakes), 
Bangladesh.

User Interface Features

ǐ10 applications: cloud-free 
mosaics, fractional cover, NDVI 
anomaly, water detection, 
water quality, landslides, 
coastal change and 
urbanization.

ǐOutputs in GeoTIFF and GIF 
animation.

http://tinyurl.com/datacubeui

Free and Open!

Amazon Cloud (AWS) Demo

http://tinyurl.com/datacubeui


Cloud-filtered Mosaics 

JAN

The final product (above) is a cloud-filtered ñmost 

recent pixelò mosaic for Jan-Mar 2015 (3 months). 

The result is compiled from three (3) Landsat-7 

scenes to produce a 97% cloud-free image. The 

baseline scenes (left) are 30% to 50% cloudy. The 

cloud or no-data pixels are highlighted in RED. 

This analysis is produced very rapidly (~1 minute).

FEB

MAR
Meta River, Colombia

Clouds not detected 

by CFMask



Blue = frequent or permanent 

water

Red/Yellow = infrequent 

water or flood events

Flood risk can be easily 

inferred from the 23-step, 

multi-band Australian WOFS 

algorithm.  

30-meter Landsat resolution 

allows detailed assessments 

that are far better than 

MODIS (250-m).

Lake Baringo, Kenya
Time Series Water Detection



Annual Water Extent

Extreme droughts in the 
Baringo region in 2006 
had severe impacts on 
pastures and farming

Extreme floods displaced 
600 families and swept 
away livestock near Lake 
Baringo in 2013

4 months of dry season 
data resulted in little 
water detected outside 
the lake boundary



WOFS vs. Other Water Tools

Australian WOFS 

2005 to 2016
EC-JRC  

1984 to 2015

Aqua Monitor

2005 to 2016



Lake Chad, Africa 
Water Detection Demonstration

Historically large and shallow lake has 
shrunk by 95% from 1963 to 1998 due to 
increased population demand (reference 
United Nations). Provides water to 68 
million people in 4 bordering countries. 


